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AT " (ij Abstract ﬁ'

A series of observations of the polarization of radia-
tion from Jupiter has been made at frequenciess of 16, 18,
22 and 26 Mc/s. Some 3,800 noise bursts have been analyzed
and a detailed account has been prepared. In general, for
the period of the observstions, almost all of the radiation
at 22 and 26 Mc/s was right-handed polarized (R.H.) whereas
at 16 and 18 Mc/s anvappreciable proportion cf bursts were
L.H. In particular, events observed when 300*<’XIII§§ 360
(I.A.U. revised System III) were found to contain, respective- “
ly, 41% and 30% 1.H. bursts at 16 and 18 Mc/s. A comparison
of the results with the predictions of the Doppler-shifted
cyclotron theory of Ellis and lcCulloch (1) is now in progress.

A series of spaced-site observations from three sites
has been completed and analysis is in progress. A new exper-
iment to investigste the possibility of terrestrial ionos-
pheric modification of the radiation is to be conducted from
existing funds this year.

A number of high-speed recordings of 18 lMc/s events
have been made at the request of the University of Florida
group and these have been sent to Gainesville for comparison
with similar records taken at that site.

Flans are being prepared for a new, higher-sensitivity
improved discrimination, polarimeter system to be submitted

for evaluation by NASA in due course.
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1. Polarization

In the investigation cf polarization of decrmetre-wave
radiation from Jupiter a series of observations were made
covering the period, July 13, through December 5, 1963, and
a first analysis of the deta :as been complcted. This was
reported at a recent meeting of the American Geophysical
Union (Boulder, Colorado, December 28, 1963). A detailed
account entitled "Polarization Observations of Ju-iter at
Decametre-wavelengths" (Barrow (2)) is enclosed with this
report. Some 3,800 noise bursts from Jupiter, at frequencies
of 16, 18, 22 and 26 lMc/s, have been studied in detail.

Axial ratios have been computed for each burst, assum-
ing complete polarization, and an analysis, similar to that
made for 10.1 Mc/s observations by Dowden (3), is in progress,
so that thebresults may be compared with the Doppler-shifted
cyclotron theory of Ellis and McCulloch (1). This is illus-
trated in Figures 1-4. The two lower frequencies are of
greatest interest as it is at 16 and 18 Mc/s that appreciable
proportions of L.H. polarized bursts have been observed.
L1so, there are more bursts available for analysis (See Refer-
ence 2, Table 2) at these frequencies. The 22 and 26 lNc/s
comnmutations have been made for the sake of completeness
but they dc not contribute anytiing very conclusive to the

discussion and are not included in the diagrams.




In Figure 1 the distributions of axial ratios are compared
with the observations of Dowden (3). The 18 lMc/s results,
in particular, are in very good agreement with the distribu-
tion predicted by the Ellis and McCulloch theory (shown in
Figure 2) and the 16 Mc/s results are reconcilable if we’
accept Dowden's sugrestion that the lower axial ratios are
produced by superimposed bursts of higher axial retio but
opposite sense. It is the stape of the distribution which
is significant. The position on the axial ratio scale de-
pends upon the assumed model of Jupiter rather than on the
theory.

In Figure 3 the smoothed occurrence rates of L.H. and
R.H. bursts are compared. In Figure 4 the smoothed loungitude
variations of burst occurrence is shown. According to Dowden's
results this latter may also be regarded as an indication of
the distribution of total power radiated.

The Ellis and McCulloch theory (1) seeks to explain the
experimentally observed longitude profiles of occurrence
probability and power distriButionm A suiteble cilioice of
magnetic field anomaly, expressed as a dip anomaly, readily
produces the differing profiles observed at 5 and 10 lic/s
compared to those found at h . gher frequencies. So the histo-
grams nresented here (Figures 5 and 6) as well as the burst

distribution (Figure 4) are, by definition, consistent with




the theory. The axial rctio distriutions shown in Figure 1,
particularly at 18 lc/s, are in good arreement with the pre-
dictions of the theory and are therefore the most significant
experimentsl evidence in its favor.

In view of the already established results explained
by the theory as well as the rolarimeter dsta, it is felt
that this theory offers the most seatisfuctory explanation
of the origin and escape of the decametric radiation to date.
It is perhaps significant that, unlike most theories that
have been proposed, the Doppler-shifted cyclotron theory
seeks to explain the r-diation in terms of charccteristics
which 2re %nown to occur on a different scale within the
atmosphere of the Earth. It will be interesting to see if
the satellites proposed for studying VLF emission from the
Earth find evidence of any longitude profile of radiated
power due to the Earth's magnetie field.

When the study of polerization at different frequencies
was originally proposed it was hoped that a simple magneto-
jonic interpretation of the data, in the manner outlined in
Reference 2, Section VI, would lead to values of Jovian
ionosvheric parameters. However, it was tacitly assumed
by the writer (4), and by others (5) that, in the absence
of other information the radiation was generated in both

magneto-ionic modes.,




Subsequen®t work, and in particular the association of
Jupiter activity with solar activity, now makes this seem
less likely. The theory of Ellis and McCulloch (1) is,
therefore, preferred to the simple magnetic-ionic interpre-

tation.

2 Spaced-site Experiments.

In the spaced-site experiment, observations of Jupiter
were made at 18 and 22 Mc/s from July to December, 1963 at
Florida..State University Radio Observatory in Tallahassee, the
out-station at the Hyde Radic Observatory, St. Osyth, England
and by collaborators at Rhodes University in South Africa.

All of the data obtained has now arrived &t Florida State
University, and analysis is in nrogress. Correlation coeffi-
cients between Jupiter activity and various indications of
solar activity are being computed for a first examination of
the data. The combined observations at 18 lMc/s are shown in
Figure 5. It is interesting to note that progressively lower
occurrence probabilities have been observed at the three sites
from south to north respectively. While there are differ-
ences in the identification procedure adopted by the group

in South africa as well as differences in the local noise
level at each site, these are hardly enough to produce the
pronounced effect observed. t is suvggested that terres-

trial ionospheric modification of the radiation is responsible
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and an experiment to operate from existing grant and supple-
ment funds, has been planned to investigate this during the
1964 apparition of Jupiter. It is worth noting that simple
magneto-ionic absorption may be insufficient to account for
all of this effect, even at lower incidence angles, as the
observing frequency of 18 Mc/s is considerably higher than
the critical frequency during the early morning hours at
sunspot minimum when all the observations were made.

High speed recordings of Jupiter noise storms were
taken at Tallahassee using the 18 Mc/s corner-reflector,
and these are to be compared with similar observations made
by the University of Florida group 150 miles away. Some
twenty suitable records have been sent to lMr. Carl Olsson
at the University of Florida at whose request the observa-

tions were made.

2. The search for radiation at 42 lMc/s has produced incon-

clusive results as observations have been hampered by noisy

conditions due to local police broadcasts outside the allotted

frequency band.

4, Future Plans.
The observations of polarization made during 1963

have indicated very clearly what the approach for the




future should be. IMore data at frequencies below 18 Mc/s

is needed and an urgent recuirement is that the data should
be handled automatically rather than semi-manually as has
been done to date. It appears from the work of 3tone,
Alexander and Lrickson (6)* that a hicher sensitivity system
will achieve the necessary increase in the amount of data
and may also lead to interesting features in the corres-
ponding longitude profile. 4t 26.3 1lic/s it appears that

the histogram peaks are broadened while the well defined
zero persists. It is felt that future effort should be
directed towards two antenna systems, operating at 18 lc/s
and scome lower freguency, each consisting of two large
arrays of crossed dipoles. ©Some form of computer-fed digital
output is highly desireble both for consistency and for

ease of handling the large amount of data that should appear
with the greater sensitivity. By the use of two separated
arrays it should be possible to reduce uncertainties due to
the terrestrial ioncsphere by imposing the condition that

a burst must show similar form and polarization to be re-
garded as a proper indicator of conditions at Jupiter. 1t

would also be desirable to attempt to obtain a complete

* T am most grateful to Dr. R. G. Stone for permission to
refer to his work prior to publication.




specification of the polarization by measurement of all four
of the Jtokes parzmeters ( see, for example, Cohen (7)) al-
though Faraday rotation in the Earth’s ionosphere imposes
considerable uncertainty on this procedure at low frcequen-—
cies. A design is being prepared by the Principal Investi-
gator and will be submitted for evaluation by NASA in due
course.

The rossibility of terrvestrial ionospheric modifica-
tion of the radiation is to be studied further during 1964
by a new experiment at 18 lic/s. Arrangements have been made
to set up a north-south line of separated antennas at the
following locations:-

University of Ibadan, Nigeria, wWest Africa

University of Valencia, Spain

F. S. U. out-station, at the Hyde Radio Observatory,

England

University of Bergen, Norway.
Mosley Electronics, Inc., are supplying Yagi antenna systems
with steering mechanisms and self-supporting towers. The
total cost of the experiment including equipment, operating
personnel and associated trevel will be about $13%,000. This
is to be met from existing grant and supplement funds.

Simultaneous observations will be made from each site

during the 1964 apparition so thei any systematic modifi-
cation of the rediation observed towards northerly terres-

trial latitudes will become apparent.
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List of Figures.

Ixperimentally observed distribution of absolute values
of axial ratio at 16 and 18 lic/s compared with the obser-
vations of Dowden (3), (Both L.H. and R.H. are taken
positively).

Axial retio distribution precicted by the Doppler-
shifted cyclotron theory of Ellis and IlcCulloch (1).

Smoothed occurrence rate of L.H. and R.H. bursts..
Smoothed longitude veriation of burst occurrence rate.
Histogram showing the total number of events observed

at 18 Mc/s at Tallahassee, St. Osyth and Grahamstown
during the period July 17 through November 25, 1963.
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Publications:

1le.

August 1, 1963 to January 31, 1964

"A Note on the Polarization of 16 Mc/s Radiation
from Jupiter,"

Barrow, C. H., Nature, 201, 171 (1964)

"An Experiment to Study the Relationship between
Radio Noise from Jupiter and Solar Activity,"
Barrow, C. H. and Hyde, F. W.

J. Brit. 4ist. Assn., 73, 327 (1963)

"Decameter-Wave Observaticns of Jupiter in 1963,"
(Abstract)
Barrow, C. H., Bull. 4m. Phys. Soc. (In press)

"Polarization Observations of Jupiter at Decameter-
Wave. Frequencieg," (Abstract)
Barrow, C. H., Trans. 4. G. U., 44, 887 (1963)

"Polarization Observations of Jupiter at Decameter-
Wavelengths,
Barrow, C. H., submitted to Icarus, 1964.

"Mysterious Radioc Emissions from the Planet Jupiter,"
Hyde, F. W., New Scientist, 19, 432 (1963)

"Radio Astronomy"
Hyde, F. W., J. Soc. Engr's., 14, 195-221 (1963%)
l A}

Practical Amateur Astronomy, (Lutterworth Press,
London, 1963)
Chapter 19, pp. 222-2%4.

Hyde, F. W.

1964 Astronomical Year Book, (Eyre and Spottiswoode,
Tondon, 1964) Chapter entitled "The Radio Sun" in
press.

Preparation

A paper comparing the experimental results with the
rredictions of the Doppler-shifted cyclotron theory.
Barrow, C. H.
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Talks given during the Feriod:

C. H. Barrow

"Decemeter-Wave Observations of Jupiter in 1963,"
S.E.A.P.S. Meeting, Lexington, Kentucky, (November 9, 1963)

"Polarization Observations of Jupiter at Decameter-Wave
Frequencies,"

A.G.U. Mezting, Boulder, Colorado, (December 28, 1963).
Colloqguia

Department of Physics, Vir-inia Folytechnic Institute,
January 7, 1964.

Department of Physics, University of the west Indies,
January 24, 1964.

F, W. Hyde

"Radio Astronomy,"

Society of Engineers, London, England (Cctober 7, 1963)
(Awarded Simms Gold lMedal and Fellowship of the Society) -~
see also under Publications.

Lectures on "Techniques and Spaced-site Lxperiments,"

Radio Society of Grest Britain, South, Southwest, East
and London Regional Meetings.

Various popular level magazine features radio and
television broadcasts

6. Personnel Working on the Grant:
(a) Tallahassee

C. H. Barrow, Assistant Professor and Principal
Investigator

*E. J. Seykora, Graduate Assistant

G. M. Resch, Graduate aAssistant
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H. Cocke, Electronics Technician

W. Meier, Undergraduate Assistant
Merritt, Undergraduzte Assistant

R. Adcock, Undergraduate issistant
E. Thagard, Undergraduate Assistant

Rolleston, Undergraduate Assistant

* Terminated during the period.

(b) St. Osyth

F.

W. Hyde, Director of 3t. Osyth station (Self

supported).

D.
R.
R.
P,
G.

Crosswell, Part-time Secretary

Hawkins, Undergraduate Assistant
Womble, Undergraduate Assistant
Morris, Undergraduate Assistant

Coleman, Undergraduate Assistant

Personnel Assiciated with the Project.

(a) Grahamstown, South Africa

(v)

J. A. Gledhill, Professor of Physics and Director

of Radio Astronomy

Ge.

Local supervisors for the 1964 spaced-site observa-

M. Gruber, Graduate Assistant

tions.

A, J. Lyon, Professor of rhysics, University of

Ibadan

J. Catala, Professor of Fhysics, University of
Valencia

B.

Trumpy, Professor of Physics, University of

Bergen.
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